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RATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
MEMORANDUM REPORT

for the
Alr Technical Service Command, Army Alr Forces
FLIGHT ARD TEST-STAND INVESTIGATION OF _HIGH-PERFomNdE FUELS
'IN MODIFTED DOUELE-ROW RADIAL ATR-COOLED ENGINES
I - DETERMINATION OF THE COOLING CHARACTERISTICS
. OF THE FLIGHT ENGINE

By Milton Werner, Calvin C. Blackman, and H. Jack White

SUMMARY

The coolinz characteristics of a modified l4-cylinder double-
row redial air-cooled engine installed in a four-englne alrplane were
determined from cooling data obtalned in & single flight at a pres- -
sure altitude of 7000 feet. The tests were conducted in such a
manner that the efrects of charge-ailr flow, coollng-alr preassure
drop, and fuel-air ratlo on engine cooling could be separately
Inveatigated.

From the results of the cooling-correlation data, the coolling-
limited performance relations for normal engine operating con-
ditions were calculated and maximum englne temperature were predicted
by means of the cooling equations presented hersin. The maximum
temperatures prediocted for cylinder heads, flanges, and barrels
satlsfy the menufacturer's limitations for all opera.ting conditions
except take-off. Temperature-limited performance as a function
of fuel-air ratlo and cowl-flap setting was predicted for four-
engine gperation of the elrplane at maximum cylinder-head tempera- -
tures of 400° and 4500 F, From the predicted .temperature-limited
performance 1t appears that the rear-spark-plug-gasket tempera-
ture limit would be exceeded before that of the flange. The
manufacturer's specification for maximum-cruise power, in com-
bination with the carburetor-metering characteristic curve, 1s
in close agreement with the temperature-limlited performance for
400° F maximum head temperature and closed cowl flaps.
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INTRODUCTION

At the request of the Alr Technlcal Service Command, Army Alr
Forces, an investigation to evaluate varicus high-performance fuel
components as blending agents for aviation fuels is being conducted
on a modified double-row radlal alr-cooled engine at the Cleveland
laboratory of the NACA,

In order to evaluate the practicabllity of using hlgh-performance
fuels for a given englne Installation, it 1s desirable to compare the
cooling-1lmlited pcwer wlth the knock-limited power; a correlation of
the cooling characteristics of the engine was consequently made,

Because the prcperties of all test fuels are sufficlently alike,
insofar as characteristics affecting engine cooling are concerned,
the cooling tests were msde using the reference fuel (28-R).

The first phase of the flight program conslsted 1n an lnvesti-
gation of the cooling characteristlics of the original test englne
installed in a four-engine airplane. (See reference 1.) The sec-
ord phase of the flight program was made with a modlfled englne
because the design changes lmproved coocling and increased power
ratings; the ckanges are detailed In the appendix. This report,
which 1s the first investigation In the second phase, presents the
cooling characteristics of the modified test engine. The correla-
tlon of these engine cooling data 1s based ‘on the method developed
in reference 2.

BQUIPMENT AND INSTRUMENTATION

Test engine. - The Flight tests were conducted on an R-1830-94
engline mounted in the left inboard nacelle of a B-24D alrplans.
The engine is a l4-cylinder double-row radial alr-cooled engine with
a normal rated power of 1100 brake horsepower at 2600 rpm and a
take-off power of 1350 brake horsepowsr at 2800 rpm.

Instrumentation., ~ A detailed description of the equipment, the
instrumentation, the stations at which data were recorded, the differ-
ences between the modified (R-1830-%4) engine and the original test
(R-1830-90C) engine, and the method of setting conditions during
tests are given 1n -the appendix, The alrplane was so equipped that
all data could be recorded within approximately 10 seconds after the
2-minute stabllization period.
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The cooling-alr pressure drop across the engine was measured
by total-pressure tubos in front of the engine and statlc-pressure
tubes at the rear of thoe eungine.

The cooling analysip for the cylinder heads was based on the
temperatures of the rear-spark-plug bosses designated Tzg. Those
temperatures were meassured by 14 embedded thermocouples Inserted
30 percent of the head-metal thickness into the rear-spark-plug
bosses of the cylinders. The thermocouple- Junction was located at
the bottom of a bress bushing (1/8-in. diam.). The cooling anelysis
for the cylinder barrels .was based  on ths rear middle-barrel tem-~
Peratures designated Tg. The barrel temperatures were measured
by thermocouples in the rear middle of the cylinder outer wall
between fins 8 end 9, counting from the top fin; thls thermocouple
Junction was peened into & hole 1/16 inch deep in the eluminum of
the cylinder muff. The rsar-spark-plug-gasket thermocouple T2

end the cylinder rear-hold-down-flange thermocouple T,4 were used

to determine temperature limits in accordance wlth the manufacturer' s
specifications.

TEST PROCEDURE

A single cooling flight wes mado with the modifiecd englne
installed in a four-engine airplane. Theo test conditions were
as follows: pressure altitudo, 7000 feet; low blowor ratlo;
engine speed, 2250 rpm; spark edvance, 25° B.T.C. Tho fuel used
was 28-R.

The flight test was dlvidsd into three parts:

l. YVariable charge-air flow: The charge-alr flow was varlod
whille the englne cooling-air pressure drop was malntained approxi-
mately constent and the fuel-alr ratio was held as close to 0.08
ag possible. . . . . ’

2. YVariable cooling-air pressure drop: -The cooling-alr pres-
sure drop was varled while the charge-alr flow was malntained approx-
Imately constant and the fuel-alr ratio was held as close to 0.08 ag -
posslble. . )

3. Varlable fuel-air ratio: The fusl-alr ratlo was varied while
the charge-alr flow and the cooling-air pressure drop were maintained
approximetely constant.
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’

Knock data were recorded from a number of fllghts using 28-R,
triptane blend, and xylldine blend fuels'at the following englne con-
ditions: eng'ne speed, 1800 to 2250 rpm; high and low blower; spark
advance, 25° B,P.C.; carburetor-air tempersture, 80° and 100° F. The
knock data were used in combination with the variable fuel-air-ratio
data of the cooling flight in determining the variation of mean effec-
tive gas temperature Te.0 with fuel-alr ratlo. .

CORRELATION PROCEDURE

The correlation equatlion developed in reference 1 1s often
written

Th -Ts Tp- Ty, W'
or = Kk ————

- - m
Tgh Th ) TEb Tb (5AD)
or
NI
T-T, T -T, w o/m
or = E\-2
TSh - Ty Tgb - Ty Ap
wherse
Ty average cylinder-head temperature, °F
T.b average cylinder-barrel temperature, OF _
Ta cooling-alr temperature (computed stagnation temperature
at front of engine)
Tgh mean effective gas temperature for heads, °F
Tgb mcan effectivo gas temperature for barrels, °F
LA charge-air flow, pounds per hour/1000
Ap cooling-alr pressure drop, inches of water
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(o) ratio of ccoling-alr stagnaticn density &t front of
. engine to NACA standerd density at sea level (stag-
natlion density calculated.frdm .free-alr ‘pressure .
and temperature at flight velocity for each test run)

n, m, K  constants derived fram cooling date

. 'The mean effective gas temperatures wers camputed from the fol-
lowing equa'ﬁions developed in refer ence 3:

- | fngine ds).
Tg, Tgho 80 gho+oe|-T +207< _ﬂ)-(ﬂaa.ds)

Tg, = T, * 80=Ts1., + 0.42 Tc+2o7(w_'li_%_ﬂlﬂ> (Barrels)

ATSO change in mean effective gas temperature , °F

Tc  carburetor inlet-alr temperature, °F

The values of T_ , 1in accordance with previous cocollng-

8o
correlation practice, were taken as 1086° F for the heads and 536° F
for the bdrrels at a fuel-air ratio of 0.08 and a reference manifold-
alr temperature of 0° F. Inasmuch as -1t was found impossible to
maintain a constant fuel-alr ratio at exactly 0.08, corrections were
necessary, when determining the constanta m and n, by assuming a
portion of a 'I'80 -curve. The calculations.for correcting the varia-

tions in fuel-asir ratio-were based on & portién of the - Tgo curve
obtained with the original teat englne previously installed in the
four-engine airpla.ne

The data from the v_a.ria.ble charge-a.‘l.r flow runs provide a plot
of Ty - TB/T - Ty and Ty - Ta/'l‘ - Ty, for the hemds and the

barrels, respectively, agairnst W, (fig. 1l). The exponent n 1is

the slope of the resulting line. In a simlilar. manner the data from -
the variable cooling-air pressure-drop runs provide a plot of
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Ty - Ta/'.lzsh - Ty and Ty - Ta/Tgb - T, against gAp frcm which

the exponent m 1s obtained. (See fig. 2.) By the use of both the
varilable W and the varlable gAp data, a final correlation curve

for the hea.ds anl the barrels 1s obtalned by plotting
Ty - Ta/Tg Ty, end Ty - TB./I'E Ty agalnst wcn/m,bAp in fig-

ure 3. From these final correlation curves, the constant K 1s
determined. The correlatlion curves are then used Iin computing T

80
values for the variable fuel-air-ratio cooling data and all the knock
data obtalned with the modified test englme in the four-onglne air-
plane.

Because of the difficulty in malntaining constant conditions in
flight, corrections had to be made fcr variatlons of W, and OAp

when they were supposedly held constant. It was therefore neccessary
to make a serles of preliminary graphs similar to figures 1, 2, and 3
until the error due to the variations in W, and oAp were reduced,

by successalve corrections, to a negliglble amount,

RESULTS ARD DISCUSSION

The cooling equations obtalned from the correlation curves for
the heads and the barrels (figs. 1, 2, and 3) are as follows:

2
0.683 2 134 0.320
E"—T = 0.270 "_—0'—3'2-0' or 0.270 (Hea.ds)
8 h (oap)™* GAp ,
L] 67
T -1 wc°-742 Wc1.:509 0.5
—— = 0.505 — 57 ~ 0.505| —— (Barrels)
Tg,~ Tp (cdp)™"

The dete from a large number of knock tests made over a wide
range of conditions were correlated by the cooling equations and are
prescnted in figure 4 as a plot of T80 agalinst fuel-alr ratlo. The

Tso curve for the heads was faired as nearly as posslible through

the average of the test data whlle intersecting the 1lnitlally assumed
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temperature of 1086° F at a fuel-air ratlo of 0.08. The T, % curve

for the barrele was falred to 1nte“sect the inltially. assumed temper—
ature of 536° F at a fuel-air ratic of 0.08. The greater mmber of

the test points lie above the barrel Téo curve (fig. 4) in the

range of fuel-a!i ratlos from 0.06 to 0.09, ind*cating a discrepancy
the test date for whieh no explanstion 15 apparent

The deviaticns of maximam cylinde: tamperatures from the average
temperatures are shown in figures S and 6 for the rear-sgpark-plug
boss and the 1ear- -gpavk-plug gasket, respéctively, and in flgures 7
and 8 for the rear middle barrel and the cylinder rear-hcld-down
flange, respsctively. The maximum temperatures speciflied by the
meunfaeturer (refe.ence 4) are based on the rear-spark-plug-gasket
temperatures Tld for the heeds and ipon the cylinder resr-hold-

down-flange femperatures Ty, for the barrels, The cooling corrz- '

lation was based on the average rear-spark-plug-boss temporatures
Tzg for the heads and the average rear middle-barrel temperatures

Tg for the barrels.

Iﬂ.order to compare tho temperatures predicted by the cooling
equatlion with those specified by the engilne manufacturer, 1t was
neceesary to plot aversge le agolnst average Tag fcr the heads

(f12. 9). and average T,, aealnst average T, for the barrels

6
(fig. 10). The three curves In figure 10, for different values of
cooling-air pressure drcp, show that the diflerence between flunge
temperatures and middle-barrel temperatures is less for lower
cooling alr preseure drop. The calculat'ons for predicting max-
imumm flange temperatures were based on rear middle-barrel: temper—.
atures, which were converted to flanme temperatures.by ths use of
Tigure 10 at the proper cooling-air cAp. Figure 10, in combina-
tion with the cAp for the operating conditiens- desired 15 algo
uged when the marufacturer's specified flange temperature limit
of 335° F is cqnyerted to the correspond’ng Tear middle«barrel
temperatures. Do

Maximim tem@eraturee predicted for normal qperating condltions
of the four-englpe airplane are tabulatsd in the last -thrse
columns of table I. The opsrating condlitions at an altitvie of
7000 feet are.based -on & carburetar-air temperature cf 60°-F.- Cowl-
flap settings and approximate values cf ¢gAp for various flight
conditions were obtained vith the aid of reference 5 and performance
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data of the modified test englme in flight. €owl-flap settings were
glven as one-third open and closed. The values of Ap/q; (where q,

18 impact pressure) for the cylinder heads at cowl-flap settings of
one-third open end closed were found 1n these tests to be 0.70 and
0.61, respectively; the values for the cylinder barrels were 0.59
and 0.51, respectively. These values in combination with gq, at

different values of indicated alrspeed were then used in determining the
approximate values of Ap for various flight conditions. Maximum
heed, rear-hold-down-flange, and rear middle-barrel temperatures
predicted by the cooling equation are within the maximum temperature
limitations set by the manufacturer for all conditlons except take-

off, .

During the cooling test, the hottest cylinder head was cylinder 1
for rich mixtures and cylinder 11 for lean mixtures; the hottest
cyllinder barrel was cylinder 8 for both rilch and lean mixtures.
Cylinder 6 had the hottest cylinder rear-hold-down flange for the
rich mixtures; for the lecan mixtures, cylinders 6, 8, and 9 were the
hottest.

The predicted temperature-limited brake hcrsepower and manifold
pressure for 1800 and 2250 rpm are shown in figures 11 and 12,
respectively. These curves show the horsepowers and the manifold
preassures expected on each of the four mcdified test englnes during
flight of four-engine alrplane at a gross welght of 50,000 pounds, an
altitude of 7000 feet, a free-air and carburetor-alr temperature
representative for the knock data, and maximum rear-spark-plug-
gasket temperatures of 400° and 450° F. Calculations were made for
both one-third open and closed cowl flaps at each of these tempera-
tures. The predicted maximum temperatures of the rear middle barrel
and the cylinder hold-down flange correspording to the temperature-
limited curves in figures 1l and 12 are shown In flgure 13 for engine
speeds of both 1800 and 2250 rpm. From figure 13 it may be seen that
the flange temperatures do not exceed the 1limit (335° F) set by the
menufacturer, indicating that the temperature 1limlt for the rear-spark-
plug gesket would be exceeded before that of the flange. These estimated
temperature-limited relations were determined by the use of the cruise
control chart (reference 5) for the airplane and the air-flow manifold-
pressure data obtalned from flight-knock tests with 28-R, triptane
blend, and xylidine blend fuels. An enumeration of the assumptions
made in these calculations may be found In refersnce 6, which presents
gimilar data for the origlinal test engine. The engine menufacturer's
instructions for maximum crulse with the modified test engine specify
a manifold pressure of 31.2 inches of mercury absolute at 2250 rpm,
low blower ratio, cowl flaps closed, and automatic lean-mixture setting.
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The curve for automatic-lean carburetor-metering characteristics in
flgure 12 indicates that this cruising power falls close to the
predicted temperaturo-limited performance curve for-a maximum rear-
spark-plug-gasket tempsrature of 400° F with cowl flaps closed.

SUMMARY OF RESULTS
The following cooling characteristics apply to the modifled
l4-cylinder double-row alr- cooled engine installed in a four-
engine alrplane:

l. The cooling equation for the modified test engine was:

T, -1, 2 4 0-683 onte)
r—— o. 70 - —————— e 8

'I'gh ST, o ap0+320

T 0.742

b_& _ 5 505 S (Barrels)

Tgb. T a0 557

2, Temrerature-limfted performance as a function of fusl-air
ratio and cowl-flap setting was predicted for four—engine cperation
of the airplens at maximum head tempesratures of 460° and 450° F.
Frum the predicted tcmperature-limited performance, it appears
that the timmperaturs limlt set by the manufacturer for the rovar-
spark-plug gasket would be exceeded befcre that of the flange.

The manufactwrer's speciflcations for maximum crulee at 2250 rpm
agroe with the temperature-limlited power for a waximum rear-spark-
plug-gasket temperature of 400° F wlth cowl flaps closed.

3. From the results of the cooling-correlation data, maximum
englne temperatures were predlcted for normal flight conditions cf
the airplans. Maxlmum head, rear-hold-down-flange, and rear middle-
barrol temperatures predicted by the cooling egquation are within
the maximum temperature limitatlons set by the menufacturer for all
conditions investigated except take-off.

" Alrcraft Englne Ressarch Leboratory,
Natlonal Advisory Comittee for Aeronautics, -
Cleveland, Ohlo, July 9, 1945.
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APPENDIX - EQUIPMENT, INSTRUMENTATION, AND FLIGET-TEST PROCEDURE
By Milton Werner and S. Joscph Lamancusa

This appendix haes heen prepared to set forth in detaill the
equipment, the lnstrumontation, and the fuel flight-test procedure
used in the tests of the R-1830-90C (original) and R-1830-94 (modified)
engincs. The description contalned herein will be used as reference
material for several reports to follow.

The knock data required in tests of each englne in flight wvere
recorded while the unglne was operatel at knock-limlted power. In
order to reduce the time of operation at knock-limited power, the
engine and the alrplane were instrumented to record all test data
within a very short time after -stabllizatlon of condltions. The time
requlrad for data to be recorded was, in general, only slightly over
10 seconds owing to the use of speclal film-recording instruments of
high sensitivity and speed. Conslderable duplication of measurements
was obtalned because of the use of both indicating and recording
instruments.

In crder to facllitate settlng engine ccnditions and to mini-
mize the llkelihood of engine fallure, many of the primary engine
variables (engilne speed, manifold pressure, carburetor-air tempera-
ture, blower ratio, fuel flow, and torque) were indicated at several
gtatlions on gages. These engine varlables were also recorded on
film. Most of the geges on which the englne varlables wore Indlcated
for visual lnspectlion wers also photcgrapuned. Cylinder-head tempera-
tures were indicated on gages and recorded by galvanometers. Englne
cooling-alr pressures were indicated on a 1N0-tube manometer am! most
of these pressures were recorded by a 60-ceil mancmeter. The Gupli-
cation of records provided a check and an additional source for most
of the data so that a flight need nct be repeated even though certain
instruments may not have been operating prcperly. The data of primary
interest requlred consisted essentlally of the Intensity and the
distributicn of knock, pressure and temperature measursments, and
the measurement of varlables necessary for the determination of englne
power and alrplane perfcrmance.

Features of Test Equlpment
Design changes. - The manufacturer's design features incorporated

in the mcdified test engine (reference 4) that differed from the
orlginal test engine are as follcws:
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1. The cooling area on the cylinder heads and barrels has been
increased. A greater number of fins is used around the intake and
exhaust ports and tle integral steel fins on the barrels (on original
engine) have been replaced by an aluminum muff with increased fin
depth. i

2. The 1nc“eeeed mechanlcal strength of engine parts and the
Tmproved cooling resulted 1in increased power ratings.

3. The euperoharger-tmpeller diameter has been 1lncreased from
11 to ll 3 inches.

4. Ad injection carburetor PD-12F7 hae replaced the PD-12F2-16
carburutc..

5. Fuel' is 1nJecte& at the impeller by a fuel-diecherée apinner
nozzle at the impeller entrance rather than by the carburetor with a
crab=-baz.

6. SF-14LN -8 magnetos are mounted on the nose sectlon In .
front of oylinders 1 and 13.

7. The cems have been redesigned to inclide a dual-cam drive.

8. A revislon of the valve timlng (16° incisasze In valve
overlap) allows higher engine speeds.

9. An automatic two-position spark advance, 25° and 32° B.T.C.,
has been installed to provide low-power crulsing cperatlon of the
engine at higher spark advance.

Test changes. - The changes made for testing the modified
engine are as followa: .

l. The fuel-transfer line from the carburetor to the fuel-
injection valve required alteration tc adapt the original (crab-
bar injection) carburetor to the modified engine, which 1s designed
for spinner-impeller inJection. This change permitted the standard
spinner-impeller injection syetem to be used with the test. carburetor.

2. The automatic control for spark eett*ng was replaced by a
manual control.

i

-
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Engine Instrumentation

The airplane, ard the Installation of knock-detectlion apparatus,
pressure-measuring tubes, and thermocouples are best described by
means of figures 14 to 21. The location and method of mounting the
knock pickups, the pressure tubes, and the thermocouples may be
easily sesn in these figures.

Kncck-detection equipment. - A schematic dlagram of the knock-
detection egquipment is shown in figure 15. A pressure-sensitive
pickup of the magnetostrictlion type was lnserted Into the cambustion
chamber of each cylinder. The plckups convert changes in combustion
pressures and vibrations wlthin ths cylinders to electrical Ilmpulses,
These lmpulses, amplified to energlze the vertical deflecting plates
of the oscllloscope, are manlfested by vertical movementa of the
electron beam on the fiuorescent screen. The 24-volt direct-current
output from a storage battery was changed to 110 veclts alternating
current in the inverter. The output from the inverter in combination
with an engine-driven timer provided the electramotive force to the
horizontal deflecting plates and prcduced the horizcntal sweep of
the electron heam across the screen 1n dlrect synchronizatlon with
the engine. A dlagram ptcwinrg rate-of - pressure change agalnst time
was obtalned with this installation.

Three oscllloscopes were used to permit the dlagrams of three
cylinders to be vliewed at one tlme. A complete survey of all cyl-
inders could be made within a few seccnds ty means of a special
selector switch., Thls swltch also cperated the sequence cylinder
lights, which ldentifled the cylinders appearing on the cscilio-
gcopes at a given time. In order that the combustion portlon <of the
diagrams for all cylinders wculd appear at the center of theilr
respective oscilloscope screen, it was found convenlent tec provide
the equivalent of five independent englne-driven ccntactors. This
feature was achlieved by means cf a long camshaft provlded with five
"flate," all at different angles with respect to a gliven crankshaft
pesltion. BEach flat operated a separate breaker-point assembly, as
shown in figure 15. Dete¢tion of preignition was facllitated by
this provision because any deviation of the diagram frcm the center
of the screen indicated an irregularity in the ccmbustion preccess.

Thermocouples. - All thermocouples were 24-gage iron-ccrsitrnten
Junctiong oxcopt thoso in tho exhaust stack end the oxidizing fur-
nace, which wore 22-gage chromel-alumel Junctions. Three thermo-
couples were located on the heed and two on the barrel of each cyl-
inder. A bere thermocouple for measuring mixture temperature was
inserted into the center of each intake manifold. A thermocouple
for measuring carburetor-air temperature was mounted on the carbu-
retor screen.
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The head temperatures were msasured by an embedded thermocouple
in the front-spark-plug boss Tzg, an embedded thermocouple in the

rear-spark-plug boss - Tzg, and by a thermocouple on the rear-
spark~plug gasket Tyo- Detalls of the lnstellation of a typlcel

embedded rear-spark-plug-boss thermocouple are shown in figure 16.
Both embedded thermocouples Tzg &and Tzg Wwere Ilnserted 30°

toward the exhaust side; T;» .was of the couventional.flange type
with a double Junction, one for indicating the temperature on indi-
vidual gages and the other for 1ecurding the temperature on a galva-
nometer. The barrel temperatures were measured by a thermocouple

Tg, which was peened 1/16 -inch into the rear middle of the aluminum
nuff between fins 8 and 9, counting from the top. Additional meas-
urements were taken from thermocouples lneerted through the aluminum
muff to contect the steel of the barrel. This thermocoupls provided
a temperature check between the thermocouple peened lnto the alumlnum
muff and the thermocouple contacting the steel of the barrel. Negli-
Glble difference in temperaturs was observed, however, between these
two thermocouples. Flange temperatures were indicated by a cylinder
rear-hold-down-flange thermocouple T;4. The junction of T, was
spot-welded to the fillet of the steel flange at the rear of the
cylinder, which location corresponds to that specified by the manu-
facturer for the limiting-barrel temperatures. (A spot-welded
thermocouple is not recommended for simlilar tests because an englne
fallure resulted from a fatlgue crack that originated at one of

these spot welds.) Tho location and method of mounting thermocouples
Tzg, Tzgy Ti2, Tg, and Ty4 ere shown in flgures 17 to 20. The
mixture temperature tor each cylinder was measured by locatling &

bare thermocouple at the center of ocach intake manifold at a dlstance

1l
of approximately 83 inches from the outer case of the supercharger.

The thermocouple for measuring cerburetor-alr temperature was mounted
on the carburetor screen with the lron Junction over one venturl and
the constantan junction over the other venturi of the carburetor wlth
a common wire of the screen Jolning the two Junctions. Free-alr
temperature was measured by means of a six-Junctlon thermoplle.

Fuel-flow measurements. - Mecasurements of tfuel flow were made
by three lndependent methods: a deflecting-vane-type fuel flowmeter,
an electrical-type indicating fuel flowmeter (reference 7) that
measures a temperature difference created in the fluld by the addil-
tion of electrically generated heat (called an NACA thermal flowmeter
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herelnafter), and a fuel rotameter. The fuel flow as indicated

by the deflecting-vane-type flowmeter was used for most computations;
huwever, the readings of the thermal flowmeter and the rotameter,

in general, checked those of the deflecting-vane-type flowmeter very
olosely.

The deflecting-vane-type fuel flowmeter was installed 1ln the
fuel-tranafer line between the carburvtor and the fuel-injection
valve. This provision eliminated the change for errors in fuel-flow
measurement as a result of backflow-of liquid fuel thiough the
carpuretor vapor ellminator. In addition, a solenold shut-off valve
in the vepor-eliminator line permlitted the flow in thils line to be
stopped for the briof interval in the test sequence when rotameter
readings wero being taken. The rotameter was located in the line
betwoen the fuel tauks and the engine fuel pump and was mounted in
the bowb bay. In certain instances (usually at low values of Truel
flcw) the rotemeter was found to give erratic readings, which were
attributed to sticking of the bob on the gulde rod. Inasmuch as
readings from the rotameter checked the deflecting-vane-type metor over
the reat ot the range, the deflecting-vane-type date were generally
used.

Exhaust-gas-sampling system. - Exhaust gas was drawn into the
sampling system through a 1l/4-inch impact tube located in the main
exhaust stack immedlately downstream of the englne collector-ring
outlet. This gas was then passed through heated, oxldizling elements
filled with copper oxide In wire form, which converted all the
carbonaceous products of normal combustion other than COs (CO, CHg,

froe carbon, and others) into CO, und water vapor. The oxidizing
unlt wvas mounted in an enlarged sectlon of the main exhaust stack
as shown 1n Tlgure 21 so that the greater portion of the heat neces-
sary for this reaction would be supplled by the hot exhaust gases
passing to the turbosupercharger. Eloctric heating colls provided
additlonal heating of the elements ln such cases when sufficlent
heat was not available from the exhaust gases. After btelng passed
through a CaCl, desicoator (drying) unit, the exhaust-gas sample
was conducted to the rear of the alrplane where three separate
analyses were made by Orsat apparatus for each test polnt to deter-
mine the CO2 content of the oxidized samples. Falr agreement was
obtained between fuel-alr ratios by meens of the average of the
thrce Orsat analyses and by calculatlions from measured fuel flouw
and alr flow.
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Carburetor. - A PD-12F2-16 carburetor was used because
camplete air-flow calibration data were available for it (from -
.tests .of references 1 and 6) and because it permitted fuel-air
ratic to be varied over a somewhat wider range than would be
available from the standard PD-12F7 carburetor for the modified
englne. Senslitive control of fuel flow in the lean-mixture range
was simplified by the use cf the specilally contoured (crulsing)
mixture-control plate supplied by the carburotor manufacturer,

Charge-ailr-flow measurements. - The carburetor was glven the
standard alr-flow callbration in an alr box wilth part of the
upstream ducting from the alrplane in place. It was found neces-
sary to check this callbration wlth the carburetor 1n the airplane
with turbosupercharger, ilntercooler, and all ducting 1ln operatlon.
A epecial duct, which was equipped with a sharp-edged entrance
crifice and a two-dimensional pressure-tube rake, was Ilnstalled
ahead of the turbosupe:rchargur for an accurate determinatlon of
charge -air flow during a ground test. As a result of thils ilnvesti-
gation, a correction curve was established, which was used in
conJunction with the standard air-box calibration when determining
rate of alr flow 1in flight from measurements of carburetor-metering
pressures, total pressure at the carburetor face, 'and carburetor-
air temperature. A typical chart is included (fig. 22) that shcws
an approximate method by which charge-alr flow and fuel-alr ratic
were rapidly determined duwring fllight. Curves similar to those on
the upper portlon of figure 272, but based on uncompensated meter-
ing pressures, were usod for accurate computetion of air flow in
the Finnl reduction of the data.

Ccoling-alr pressure tubes. - The cooling-alr prsssure tubes
were of 1/8-inch copper with a 0.090-inch stainless-steel tip at

the entrance. The ccoling-alr pressure tubes used 1n the cooling
cerrelation are underlined in figure 23. The tubes for determining
the prassure drop across the englne conslsted ol the total-pressure
tubes at the baffle entrance to tho front-row cylinders (figs. 17
and 23) and static-pressure tubes in the baffle-exit curl and
behind the top head baffle of the rear-row cylinders. (See

figs. 18, 20, and 23.) BStatic tubes were located as nearly as
possible at the same height (measuring radially from the cylinder-
base flange) as the total-pressure tubes. Pressure tubes were |
mounted at the baffle entrance to the rear-row cylinders at the
same relative locatlon on the cylinders as the front-row cylinders;
hewever, a different method of mounting the tubes was necessary

for this particular baffle arrangsment. (See fig. 19)
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Miscellaneous. - Manifold pressures were indicated by a -sensli-
tive manifold-pressure gage. A hydraulic torquemeter was used in
determining engine power. A modificetion of the torque-noss oll
boost capacity was unnecessary for the modified test-onglne torquemster,
whereas additional boost capacity wes necessary for the measurement
of hlgh engine powers with the original test-engine torquemeter.

(S8ee reference 6.) Fngine and turbosupercharger rotationel speeds
were indicated by tachometers.

Computatlon of Averags Coollng-Alr Pressure Drop

The cooling-air pressure drop acrcss the engline for the cylinder
heads was taxen as thke differentlal pressure between the total pres-
sure In front cf the engine and the static pressure at the rear ol
the eng'ne. The totael pressure was taken as the average of three
total-pressure tubes at the baffle entrance of each of the front-row
cylinder heads and the statlc pressure as the averege of the static
pressures in the stagnation regicn tehind the head baffle and in
the baffle-exit curl of each of the rear -row cylinder heads. For thu
cylinder barrels the enzlne coollng-alr pre«sure dxop was taken in
a similar menner but with only twc total pressures at the baffle
entrancc and cne static presasure in the baffle exit curl. Figure 23
1s a schematlc dlagram of a front-row and a rear-rcw cylinder as seen
from the front of the engins and shcws relative pozltions of all total-
and statlc-pressurs tubes as mounted cn the cylinders and thelr location
with regpect to the engine zcnes used for computing average cooling-
alr pressure drops.

Average cylinder-head pressure drop for the englne was computed
as follows: The total pressure for a particular tube location was
averaged Tor the seven front-row cylinders; for example

~ie=

av. H ., = (Hahll for cylinders 2, 4, 6, 8, 10, 12, and 14)

in similar mannor, for statlic pressurcs
ah2 = 7 /

This prccoss was repeated for each of the three total-pressure-tube
locations on the front-row cylinders and for each of the two statlc-
pressurc-tubo locatlions on the rear-row cyllnders. Average englne
pressure drop for heads was then computed by use of the aforementioned
averages as follows:

kY
av. p ._ = 1(pah2 for cylinders 1, 3, 5, 7, 9, 11, and 15)
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av. Ap =% (a.v. Hohyy + V. Hypip + &v. Ha.hls)—%-(av'-l"ahz + &v. pm)

o - " PR s e -

" (Hcads)

The analysis for average barrel. préssure drop for the engine
fcllowed the same pattern as given for the heads. In this case the
follcwing measurements were involved:: .

N . \ ) ,
av., Ap = % av-(?hbll + av. Hablz) - BV. Dgh2 (Barrels)

General Airplane Instrument Installation

The general inastallatlion of lnstruments and thelr location
according to statlons Iin tho airplanoc are sehown in Tigure 24. A
tabulation c¢f the instriments and the data reco~ded at each
station 18 given In table IT.

Station l. - Figure 25 shcwu the auxllilary 1nstiument panel,
the cerburator- -alr-tempereture indicatcr, and the slgnal system for
communicatinn wlth other stations 1n theo airplane. The lnstruments
used by the pilot at station 1 for metting engine conditions were
observed during the tests, but thelr readings were not recordesd
inasmuch as these measurements are Indicated amnd recordod elee-
where. A complete list of instruments at station 1 is given 1n
table II, column 1.

Statlon 2. - The flight coordinator operated the equlipment at
statlon 2 ifig. 26) which consisted of the main test instrumount
panel,, the main aignal system for communicetions with other statlons,
and all controls for operating speclal fllm-reccrding instrumonts.
The instruments at station 2 were photographed durlng flight and
are listed in teble II, column 2. In column 3 1s a list of measure-
ments taken with the special film-recording instruments.

Station 3. - At station 3 (fig. 27) the exlstence of knock on
any of the 14. cylinders could be obssrved by the use of threa oscil-
loscopes in combination with a selector swltch. Thoe segquence slgnal
lights ldentifled the group of cylinders that was belng vliewed on
the oscllloscopes.

Station 4. - Fuel selecticn was made by the flight mechanic at
station 4 in the rear bomb bay compartment (fig. 28). Readings
taken by the flight mechanic are shown in column 5 of table II.
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Station 5. - The observer at station 5 (f1g. 29) operated the
NACA thermal fuel flowmeter, recorded special temperatures and
. reference voltaze for the reco“ding instrwments, and checked the
operation of the recording instruments.

Statlon 6. - At statlion 6 were three Orsat apparatuses and an
NACA fuel-air ratio indicator (fig. 30). Threc individusl samples’
of oxldized exhaust gas wure analysed for euch test point and thelr
average volumetric CO2 content was used in determining the fuel-air

ratio from a conversion chart.

Station 7. - At station 7 (fig. 31) photographs were taken of
the engine cooling-alr pressuree indicated on the 100 -tube mancmeter
board. A continmuous record of the rear middle-barvel toumperatures
was made on a rocording flight pctentlomcter. Continuous visual
observation of thesc recadings was desired because those were believed
to be the most critical engine temperatures. Thls Juigment was based
on the seguence of events, which occwred when & pisten fallure was
exporienced during tests with the original test enginu. (Sie ref-
erence 6.) An incipient pletcn selzure can be anticipated by a
cloge scrutiny of these tompcraturcs.

Miscellaneous. - Impact pressure was measured wlth an NACA total-
head tube and statlc pressures with an NACA swlvellng statlc-presasurs
tube, Both ths total-head and the statlc-pressure tubes wers
mountsd on a boom extending ahead of the left wing. Figure 32
showa a vliew of the entire interior of the rear compartment of the
airplanc. Recording instruments wore mounted on the deck ahsad of
stations 5 and 6 and consisted of presesure, temperature, and rotative-
speed (englne and turbosupercharger speed) film recorders.

-

Procedure for Setting Conditions In Flight for Knock Tests

Stations 1, 2, and 3 wore most important in .Lotoraining condi-
tions of kmock and in maintalning constant ccnditions duwring a test
run. The pllot obtalned knock eithor by leaning the mixture or by
increasing the manifold pressure and was notifled of tho presoncs of
knock by the oaclllcscope opurator at station 3. Asauming that a
knock polnt had Just been obtailned (point u, fig. 33) aud all the
data had been taken, the pllot then reduced the throttle opening
to a polnt bolow knock, representad by point db. The mixture-control
plate was meanwhile held in a constant pecsition. During this reduc-
tion of boost (from a to b) the mixturs strenzth would be oxpected
to lean out, corrospondlng to the shaps of the carburetor-metering-
characteristic curve in this region. Then, at constant throttle
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position (and, consequently, constant manifold pressure) the mixture
was leaned out to scme polnt respresented by c¢. After tho pilot had
reduced the mixturas strength by & sultable amount, he gradually
increased the manifold pressure, holding constant the mixture control-
plate setting, until the oscilloscops operator notified him that
proper knock conditionz hed been reached for-another knock point,
repregented by point 4 in figure 33.

The carburetor-alr temperature was set by the pilot by elther
of two methods: by adjusting the Intercocler-flap openling or by a
combination of waste-gate and throttle setting. Measurements from a
resistance bulb, which was mcunted in the carburetor elbow directly
above the carburetor faco, wvere indicated on the pilot's carburetor-
elr temperature gage. This lccation ccrresponds to that of the
standard Installation in sn alrplane. It was more convenient to
set the carburetor-air temperatnre frem the buldb than from the
thermocoupls mounted on the carburetor scraeen bocauss the buld
allowed dirsct tempeiature imdicatien, vlewed by the pllet, whercas
the thermocouple temporatures wore recorded cn f1lm and 1ndicated
only on a manually balanced potenticmeter at station 2.

The operator at staticn 2 was engaged Jn detormining fuol-alr
ratio (from a chart similar to fig. 22) and plotting the knock data
for the previous kncck run whllv the operators at stations 1 and 3
wero sotting condéitlons for a nsw run, When conditions had etabi-
lized, tho opsrehor at statlon 2 photographed the lnstrument panol -
and nctified the other mtatlons that data should be taken. The
other obesrvers nerc nctified by slgnal lights, which were encrgized
at the momont a swltch for the recording instrumenta was thrown.

esentation of Data

Measurements from all stations, Including flight recorders,
and results from a consldorable amount of calculations on the date
are tabulated on a single data chect as shown in table III; these
data are not from the tests of thils paper but ars included to show
the method of tabulation. This sheet was set up for convenlence and
easo of handling test measuraments; such a sheet containg data for
only a single test point.
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TABLE I - COMPARISON OF MARUFACTURER'S TEMPERATURE LIMITS WITH PREDICTED MAXIMUM TEMPERATURES
AT NOPMAL OPERATING CONDITIONS FOR MCDIFIED TEST ENGINE

Opereting (Engine bhnil_folﬂ Brake rMix‘aure !Cowl-flap Menufacturer's " Predicted maximum
condition |speed |pressure |horse-| setting !position | temperature limits ;, temperatures®'
(rm) | (1n. Hg jpover | | (°F) | (°F)

abs. ) (Lﬁl ] Hoad® {FlangeP | Barrel® ' Head®! Flange®[Barre1d
Military | 2800 | 50.8 1350 jAutomatic;l/3 open | 500 | 335 ] 287 ¢ 456 . 337 ‘269
pover ! rich ‘ | \ '
Teke-off | 2800 ! 52.0 1350 {Automatic{l/4 to 500 j 335 | 303 ' 543 , 405 362

rich 1/3 open l ! I

Normal 2600-| 42.7 1100 Autoraticll/4 to 450 | 335 287 | 440 | 334 286
rated [ ricn 1/3 open ' | [
paver | | N :
Maximum 2250 31.2 735 Autoratic,;Closed 450 i 335 312 400 | 285 | 271
crulse lean | !
Cruising | 1800 | 29.0 650 |Automatic|Closed 450 | 335 320 4135 | 296 | 288
maximum lean . |
tmep | :
Normel 2550 20.0 }e-mea- Automatic |Partly — |-=~--- | e 516 389 | 366
landing (approx.) rich open ' ;
approah | |

1'Rear spark-plug-gasket temperatures Ty2-
wnnder rear-hold-down-flange temperatures Thg- .

CEstimated maximum rear middle-barrel temmeratures Tg corresponding to a specified fla.nge
temperature of 335° F and estimated cooling-air pressure drops.

dRear middle-barrel temperatures Tg.

6Calculations for take-off power and normal landing appraoch based on sea:level pressiue altitude.
end cooling-air and carburetor-alr temperatures of 100° F. Other operating cond:ltions based on
pressure altltude of 7000 feet and ccoling-air and carburetor-air temperatures of 60° F.
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TABLE IT
LOCATION OF CONTROL EGUIPMENT OR INSTRUMENTS AND STATIONS WHERE DATA WERE RECORDBD OR OBSERVED

i 2 1 3 4 5 6 7 8
- - . . Siation 1, Station. 2, . Station3,| Station 4, |Station S5, .{ Station. 6, Station 7,
pilot flight #nock flight
°,°d observer mechanic observer observer observer
copilot
Kno
. —
Cacilloscopes x
lights Py
PIREaMCES
g x X %
& X X
X X X
- X X
’ & X
X X,
x x "
b § X
X
X
X X X
[ 3 X X
X
X X
X X
) & X
X ; &
X X
X b §
X X
X ) &
Temperotures
(Gharge  air after turb arger X
il inta nil coaler X X
10ll aut of oil cooler X
IFuel x
|Corburetor screen b 3 X X
IMagneto X
A ¥y _compartment X
\Frea aw X X X
rument X X
j ion X
vopometer reference X
xhaust X
x
ry hulb X
et bulb L
ixture, 14 cylinders x
IBear—~spark-plug gosket Ti12, 14 cylinders X X
bedded rear-spark-plug boss T3e
14 cylinders ' X
bedded front=spark-puig boes T36,
14 ¢y linders x
’ng.r_mjddk_nuul_ts, 14 cylinders X
Baar—hold-down flange Tia 14 cylinders X
Miscelloneous
ine spped x X X
) speed X X x
ratio X X
Ez {urg-control setting X X
= [ X X
IWaste-gats satting X X
aptting ) &
g X X
lincination of thrust axix X
Fupl sgiection X
Fuei flow {deflecting-vane lype) x x x
el flow s ) x
Fuel ticw (NACA_thermal) x
[Fuel -air ratio Mrsat) X
[Fugl-gir rofio (NAGA) X
[Fuel~air ratic{computed) H
X b § X
neid) X
%&mﬁm i X x
3 X X
4 < i
] X X
6 X x
7 X X
All rendy X X Hd X X X X
Bun _lights X X X X X 3 X

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS



Flight ) S
TABLE III- TABULATED DATA SHEET Run i
<Date =26y
00-TUBE MA m 60-CELL REG | PRESSURES” TE *F GONDITION
Cyl. | Hahiy Hmambu Hab12| Hab 13} Pah2|Pob 2 | pah 3 JHah 11 {Hah 12 |Hab t1 |Hah 13 | peh 2 | pob2 | Poh 3 oy |T T T T'ag Ty T T OF
i) 2 (gal: s HKNOCK
] [15 8] 155 [ 10 0I5B {180} =7 =Jel] &3 2 [m === =] =]~ = =14 | =Z.5] =3, 1 Eg L‘a’ﬁ:!_ Trece
2 PATY Y. 1[I0 0 [16,8]—— - —={ 3,5 16,5 [ 13.1 [ 16,2 [——=[———|—— ] 2 380 [ L30T L03 | 323 185 .
3 N N 70167 | 17e7 ] =2.0] =1.6] -2, 8 |— =~ —=—f=——[———] 2,0 | =1.6] ~2.9 3 67 3%0 | 370 | 395 | 285 |
4 [19,5[19,0] 18,31 18,0187 [~——[——A———116.2[18, [17.8 - 1 [ 430 |15 1393 [ 315 88 |Occasional 1ight
5 . ¥ B 193 [ 194 LB =9 2 L —J——J—— T ——J 1.6 =.B]=2, 20 1110 T375 T26 188 Trace
6 | 20, o i . 062 | — f—— =] - —=[19,2] 17,6 [ 18,2 —— ] == & 3 0 |10 | 3 330 188 Trace
2 . o1 18, 02 [ 18,5 =7 =] <3,0]——=]~="—e—[—= =5 =2.8" 71253 [0 [110 [ 380 [ 295
g . 7| 17.,| 16.8119.0 ——|——-416,5| 18.7 16,7 —— a 1310 [h20 {130 1135 1320 195 | Tight
9 0| 16,41 1741 [ 16.9 | 16.8 | =2.7| =2.0] =2.7 |———|= «2,6 [~2.1 ] =2, 9 [273 [Loo [ 385 ] 368 [ 313 Eyo 85
10_1 18 ol | 16818, I8 —————|——417,7] 181 [ 16,81 17.7 |- ———] g ] 265 0 133 1395 1300 185 |Occasional 1ight
11 | 8.1 18,7 17,0 18,9 17.1| -L.&] -.3] 2.0 —= —— 15[ =5 -2. L |2 120 [ 128 17355 | 303 S
12 - TS | 55 [ The T L0 — —|——=—]—— =1 17,1 [ 18,6 [ 16.5 — - 2 |26 J0 j——— 10 | L3 [ 185
13 7.2 14,91 16,21 18,2]16.6] -1.6] -.0] -2.8 — = ——— =81 =-2.7 272 | Lhho }395 1385 T 305 11,35 165
14| 15,9] 15,7 1546 14,0 1742 I ——}———|———| 15, | 15,2 | 15.2 | 15. |— — 1a_|29 120 295 Frace
| . .9116.,5116,4[ 181 — 17.2117.3116.3 [ 16.L [-——F——[-——] [ERav
RR.Av.| 17.9] 1667117, T oI -1.5T <1.3] <2.7 — === -L.B [ <13 =2.T] |RR.av
Eng.av] 17, o3| 16,8] 16.8] 17.8 — —|==== w279 1109 J11371392 oy | W9 (1
. ds water.
3Recorded in inches of water Bpecorded in inches of water NAT|ONAL ADVISORY
COMMITTEE FOR AERONAUTICS
nst | 80" |st'nd airspeed, V, mph 233
READING of celt [ ADOITIONAL TEMPERATURES °F Qc, in. H20 o
Pane!| mano | D95t Mach mumber, N o J1
M—l 2250 [———] 22 Average mixture, T i Fuselage refersnce press.,Ap, in.Hx0 2
[Turbo speed, rpm 15250 | ———[15276 Charge air after turbo, Tgp L5 Density altitude It 8010
[Indicated airspeed, Vi, aph 206 === 209 Toi 0 sity ratio (785 _|
Pressure altitude, Zp, Tt 6960 [———[ 7170 01l out of ollcooler, T Blower ratio
Kanifold pressure, Pcp, in. Hg abs 63,6 |———1 63, boon Ao~ 1 set
Torque, Q, 1b- 3390 3366 . belly Cowl-flap opening, de, a,
Exhaust=back pressure, P., in. Hg abs ¥ ——— Ind. free-air, T'fy age Waste-gate setting, deg 32.
Ventur] static pressure, Pcc, in. Hg abs 27e1 1278 zalvanometer Intercooler-flap opening, percent - 87
Carburetor-deck pressurs, Heq, in. Hg abs 3L.0]33.8 [—— True free-air, Tfa é -[Throttle setti de; 82,8
meteri ressur e ~P, in 0 1,0] 79,9 |——— e Inclination of thrust axis,od, deg ;
» (HocO-Pee), in, H2O| BL.G [82,5 F——— Carturetor screen, Tc. |pilot Brake horsepower
Charge ajr after turbo, Pet, in, Hg abs 32,1 |-— alvanometer 9% btmep, 1b/sq in, .
ne nress. dro -12-Pani-11),1n. H20] 19, ———= Stagnation, Ta 56.1 Air flow, 1b/hr
ssure into engine, Poy, 1b/sq in. —— == Left magneto, Ty.l ] of fuel 0=-20
rcharger throat pressure, Ps, in. abs 2,1 [—— Right magneto, Ty-2 125 de flectingdposition §2 [3
-injection pressure, Pp, 1b7sq in, 9.0 |———[——— Rear accessory, Tx Fuel flow,lb/hr{ 208 P position §5 70
| Instrument, T4 62 ’ | __650 |
Exhaust gas, Te 1 T [37]
Fu lca.rburewr bsfc, 1b/hp-hr +298
el, T
rotameter Orsats
Dry bulb, Tq s7 F/A AGA indicator 050
Engine | Maonifold| |Wet bulb, Ty _ oL | r hy
Eng | speed |prassure| GO¥! [Head pressure drop, in, H2Q 20,1
(rpm | (in-ng) | loP3 Barrel pressure drop, in. Ho0 17.8
I 2250 36 |Y L open| Spark setting, deg 25
3 L] " »
4 " " [

ayalues used.
bgo-20: 80% 2B-R, 20% triptane.
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for barrels. Spark advance, 25° B.T.C.
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Figure 3. - Cooling-correlation curve at a spark advance of
25° B.T.C.
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spark advance, 25° B.T.C.
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hold~-down-flange temperatures for engine speeds of 1800 and 2250
rpm, corresponding to temperature-limited performance curves in
figures 11 and 12. Carburetor-air temperature, 85° F; free-sair
temperature, 60° F; altitude, 7000 feet; low blower ratio; spark
advance, 25° B.T.C.



Figure (4. - View of

four-engine airplane used for flight knock and cool

ing investigation.
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Figure 15, - Schematic diagram of knock-detection system.
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(b) Method of installing thermocouptle.

Figure 16. — Methods of locating and installing embedded

thermocouple Tzg in rear-spark-plug boss on cylinder head
of modified test engine.
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A Total-pressure tubes at baffle inlet to head
‘Hanhi1» Hani2, Hapg3!

B Total-pressure tubes at baffle inlet to barrel
‘Habi1» Hapi2!

C Embedded thermocoupie in front—spark—-plug boss (T36)

D Pressure-type knock pickup

Figure 17. - Installation of pressure tubes, thermocouple,
and knock pickup on front of modified test-engine front—row

cylinder.
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A Open end static—pressure tubes behind the top head sealing
baffle, rear cylinders only (p,po, Pap3)!

B Open end static—-pressure tube in exit curl of baffle, rear
cylinders only (p,yo!

C Embedded thermocouple in rear—spark—plug boss (Tzg)

Figure 18. — Pressure—tube installation on top head baffle
and in baffle—exit curl of modified test—-engine rear—row cyi-
inders, and embedded thermocoupie Tag.



\

A Total-pressure tubes at baffle inietto head (Hah11. Hani3!

?
B Total-pressure tubes at baffle inlet to barrel (H,u |, Hap 2!
C Embedded thermocouple in front-spark-plug boss (Tzg)

Figure (9. — Instailation of pressure tubes and thermocoupies on the front of the”

rear—row cylinders of modified test enaine.
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Rear—spark—plug—gasket thermocouple (T|2)
Rear middle—barrel thermocouple (Tg)

Rear—hold-down-flange thermocouple (T 4]

o O @ >

Pressure tubes at baffle exit (pah2' Pab2’

Figure 20. — Rear view of a rear-row cylinder of modified test engine
showing general installation of thermocouples and pressure tubes.
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Figure 2i. - General view of installation on modified test engine.
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rigure 22. - Chart for determining fuel~air ratios during flight tests.
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Figure 23, - Schematic diagram of front—row and rear-row
cylinder of modified test engine showing location of total (H}
and static (p) pressure tubes. Underlined designations represent
pressure tubes used in determination of Ap for correlation equation.
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Figure 24. - Location of airplane stations and of test instrumentation in four-engine
airplane.
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Figure 25, - Statjon I. Pilot's station showing panel board
of special instruments for test engine, carburetor-air-
temperature indicator, and signal lights.
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Figure 26, - Station 2. Engineer's instrument panel for
test engine and airplane, signal system for contact with
other stations, and controls for special recording in-
struments.




NACA MR

{,
;.
;
!
!
y
f

»
P it it el ad

NACA

- 7

Figure 27. - Station 3. Oscilloscopes for observation of
knock,

cylinder sequence signal lights, stop watch, and
station ready lights.
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Figure 28. - Station 4, Fuel selection panel in rear bomb
bay showing rotameter for measuring fuel flow.
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Figure 29. - Station 5. Instruments for recording temperatures, fuel flow, and
reference voltage and temperatures. _ .
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Figure 30. - Station 6., Orsat apparatus for determining
fuel-air ratio from exhaust gas.
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Figure 31. - Station 7. Potentiometer for recording
temperatures and camera for filming 100-tube manometer.
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Figure 32. - Rear compartment of four-engine airplane.
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Figure 33. - Procedure used in setting knock points in flight tests.
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